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B Physics in 2007

¢ Direct Measurement of angles: -
m o(sin(2p)) = 0.03 from Jhp Ks in B
factories

m Other angles not precisely known

5 from B —J¥ K,

... or CKM picture might
already appear inconsistent .

¢ Knowledge of the sides of unitary

triangle:
(Dominated by theoretical 0
uncertainties)

m o(|Vyl) =few % error

= o(|Vy|) = 5-10 % error T

s o(|Vyl/|Vi|) = 5-10% error

(assuming Am < 40 ps")

B+ new physics

o

¢ In case new physics is present in
mixing, independent measurement of y

can reveal it...

0



B Physics @ LHC

Vs 14 TeV

L (cm=2 s2) | 2x1032 cm2 s
Oy, 500 ub

Oinet / O, | 160

© Large bottom production cross section:

1072 bb/year at 2x103? cm-2s-"
® Triggering is an issue
© All b hadrons are produced:

B, (40%), B,(40%), B,(10%), B, and b-baryons (10%)
© Many tracks available for primary vertex
® Many particles not associated to b hadrons
® b hadrons are not coherent: mixing dilutes tagging

%

bb production:
(forward)

LHCb: Forward Spectrometer with:
» Efficient trigger and selection of many

B decay final states
» Good tracking and Particle ID performance
» Excellent momentum and vertex resolution
» Adequate flavour tagging




Simulation and Reconstruction

All trigger, reconstruction and selection studies are based on full No true MC info
Pythia+GEANT simulations including LHC “pile-up” events and | | used anywhere !

full pattern recognition (tracking, RICH, etc...)
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Sensitivity studies are based on fast simulations using

efficiencies and resolutions and from the full simulation
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Evolution since Technical Proposal
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Track finding strategy
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Long tracks

Downstream tracks

Upstream tracks
T tracks
VELO tracks

Tl 19 T3

highest quality for physics (good IP & p resolution)

needed for efficient K finding (good p resolution)

lower p, worse p resolution, but useful for RICH1 pattern recognition
useful for RICH2 pattern recognition

useful for primary vertex reconstruction (good IP resolution)
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On average: T3
i ; 26 long tracks T 12
Result of track finding O e ks MM
_ _ 4 downstream tracks T |k
Typical event display: 5T tracks o
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Experimental Resolution

Momentum resolution
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Impact parameter resolution
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RICH 1 Part|C|e ID RICH 2
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Flavour tag

Knowledge of flavour at birth is essential
for the majority of 2P measurements

tagging strateqy:

» opposite side leptontag (b 1)
» opposite side kaontag (b_c _s)

(RICH, hadron trigger)
» same side kaon tag (for B,)
» opposite B vertex charge tagging

sources for wrong tags:
B4-B4 mixing (opposite side)
b ¢ I (lepton tag)
conversions...

R tag Wtag
Combining tags o [%] _ eff [%]
effective efficiency: B,— nx 49 35 4
2
For™ Euag (1" Wiay) B, = KK 50 33 6
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LHCh

Reoptimized Detector
Design andl Performance

Efficiencies, event yields and B, ,/S ratios

Det. Rec. Sel. Trig. | Tot. | Vis. | Annual B/S

eff. eff. eff. eff. | eff. BR signal from

(%) (%) (%) (%) | (%) | (10 | yield | bb bkg.
B’ - a'n 122 91.6 183 33.6 | 0.69 4.8 26k <0.7
B, — K"K~ 120 925 28.6 36.7 | 0.99 18.5 37k 0.3
B, — D, a’ 54 80.6 25.0 31.1 | 0.34 | 120. 80k 0.3
B, —= D, K" 54 82.0 20.6 295 | 0.27 10. 5.4k <1.0
B’ —= D (KmK*’ | 53 81.8 229 354 | 0.35 1.2 | 3.4k <0.5
B’ — Jp(uw) K% | 65 665 535 605 | 1.39 20. 216k 0.8
B’ — Jhp(ee) K'% 58 60.8 17.7 26.5 | 0.16 20. 26k 1.0
B, —= JAp(uw) ¢ 7.6 82.5 41.6 64.0 | 1.67 31. 100k <0.3
B, —= Jp(ee) ¢ 6.7 76.5 22.0 28.0 | 0.32 31. 20k 0.7
B - pmn 6.0 655 2.0 360 | 0.03 20. 4.4k <71
B’ — K*%y 95 8.8 50 37.8 | 0.16 29. 35k <0.7
B,—dy 9.7 8.3 7.6 343 | 0.22 21. 9.3k <24

Nominal year = 10"? bb pairs produced (107 s at L=2x10%? cm~-2s~" with ¢,,=500 ub)

Yields include factor 2 from CP-conjugated decays

EHEE Branching ratios from PDG or SM predictions
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CP Sensitivity studies

CP asymmetries due to interference of Tree, Mixing, Penguin, New Physics amplitudes:

¢tree + ¢mix

Mixing phases:

¢ Time dependent asymmetry in
By->J/yp K, decays

~ Sensitive to ¢

¢ Time dependent asymmetry in
B.->Jhp ¢ decays

~ Sensitive to (

rHCh

+

+ ¢new

Ppen

Measurements of Angle v:

1.

Time dependent asymmetries in Bs->DsK
decays. Interference between b->u and b->c
tree diagrams due to Bs mixing

~ Sensitivetoy + ¢, (Aleksan et al)

Time dependent asymmetries in B->mx and
Bs->KK decays. Interference between b->u
tree and b->d(s) penguin diagrams

~ Sensitive to v, ¢4, ¢, (Fleischer)

Time Integrated asymmetries in B-> DK*
decays. Interference between b->u and b->c
tree diagrams due to D-D mixing

» Sensitive toy (Gronau-Wyler-Dunietz)

13



B, oscillation frequency: Am,

= Needed for the . )

. £ 300— o Expected unmixed B, =D n*
observatlo_n of CP z L sample in one year of data
asymmetries with 2000 M, taking.

B, decays Am, =25 ps!
m Use Bs %DS_TE-F loom L & %8 hngs o o
v If Am_= 20 ps-’ R
o(Am,) = 0.011 ps-1 200

v Can observe >50

oscillation signal
if

600

Am_ < 68 ps-1 400}

well beyond SM :
prediction \/w

-ti i () Loben A T S I
Proper-time rgsolut|on 300 -200 —-100 O 100 200 300
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Mixing Phases

¢ Bd mixing phase
using B->J/p K,

Background-subtracted
B'—J/p(un)Kg CP asymmetry
after one year

0.2_—

-o: +

-0.23—

-O.Gf—

B T B s S e e S NI
proper time [ps]

o(sin(¢4)) = 0.022
rHCh

¢ Bs mixing phase
using B,->J/y ¢

Angular analysis

to separate

CP even and CP odd r

Time resolution is important:

—
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Proper time resolution (ps)

O(AT,/T,) = 0.018

If Am =20 ps—:
NB: In the SM,
¢, = -2y ~ -0.04

o(sin(¢,)) = 0.058
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1. Angle y from B.—DK

(2 Tree diagrams due to Bs mixing)
Simultaneous fit of and B.->D_K:
" Determination of mistag fracti
" Time dependence of background

Time dependent asymmetries:

Bs(Bg) ->DgK*: _ Aqya + (v+ds)

Bs(Bs) ->D* K _ Aqyra — (v+ds)

After one year, if Am_= 20 ps,
AT’ /T = 0.1, 55 <y <105 deg,
—20 < Aqyy, < 20 deg:

o(y) = 14-15 deg

No theoretical uncertainty;
insensitive to new physics
in B mixing

%

K")

S

Asym (D

2000 :—

1500:

mp= 5.42 GeV/c®
Al 24.0 MeV/c?

|
f

|

\

e

05 1

13 > 25 3 35 4
(after 5 years of data)

t [ps]

16



rHCh

2. Angle y from B’—x*n~ and B,—K*K-

(b->u processes, with large b->d(s) penguin contributions)

v Measure time-dependent CP asymmetries in B'—m*r-
and B.—K*K- decays:
Acp(f)=Ag;, cos(Am t) + A, sin(Am t)

= Method proposed by R. Fleischer:
SM predictions:

Adr(BO% ) = f,(d, 9, y) d exp(i) = function of tree and
| penguin amplitudes
Amlx( — U ) f2(d’ 0’ it q)d) in BO— mtt
Ad|r(B —SK+K ) f3(d’, ¢, Y) d” exp(i1’) = function of tree and
. penguin amplitudes
Anin(B—KK) = 1,(d’, 0, v, 0) B, — kK-
Assuming U-spin flavour symmetry
(interchange of d and s quarks): d=d and 9=

4 measurements (CP asymmetries) and
3 unknown (y, d and 9) — can solve for vy

17



2. Angle y from B'—n*n~ and B,—K*K- (cont.)

= Extract mistags from B’—=K*n- and B,—n*K-
v Use expected LHCb precision on ¢4 and ¢,

—

il ‘fake’
blue bands from B,—>K+K- (95%CL) \?{ solution
red bands from Bo—sm- (95%CL) —= ™

ellipses are 68% and 95% CL regions= 12
(for v,y = 65 deg)

1

If Am_= 20 ps-1, AT /T'=0.1,
d =0.3, 0= 160 deg,
55 <y <105 deg:

8

0.6

oly) = 4-6 deg

U-spin symmetry assumed; -y R
sensitive to new physics in 0 20 40 € 50 100 120 140 180 150 03 1
penguins d VS ’Y ¥ fdegrees) urbitrury units

(E8S i



3. Angle y from B%— DK™ and B%— DK™

(Interference between 2 tree diagrams due to DO mixing)

= Application of Gronau-Wyler method to DK™ (Dunietz):

A =A7

= Measure six rates (following three + CP-conjugates):
1) B0— DO(K*n~)K™, 2) BO— D p(K*K-)K™, 3) BO— DO (K-rt*) K™
No proper time measurement or tagging required

Rates = 3.4k, 0.6k, 0.5k respectively (CP-con;. included), with
B/S =0.3, 1.4, 1.8, for y=65 degrees and A=0

55 <y <105 deg

o(y) = 7-8 deg ~20 <A< 20 deg

No theoretical uncertainty;
sensitive to new physics in D mixing

rHCh
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Measurement of angle y: New Physics?

1. Bs->DsK

!

v not affected by new
physics in loop diagrams

2. B->nn, Bs->KK

L

l

v affected by possible
new physics in penguin

~,

3. B->DK*

v affected by possible
new physics in
D-D mixing

/

¢ Determine the CKM

¢ Extract the contribution of

parameters A,p,n N new physics to the
independent of new physics oscillations and penguins
i 0.5}Im . .
0.5 Im gatﬁgzggggem __| /New physics contribution to
Obtained from [V, | “)”(i the B-B? oscillations
measurement T
Obtained from B—J/yKg CP

asymmetry measurement




Systematic Effects

Possible sources of systematic uncertainty in CP measurement:

+ Asymmetry in b-b production rate

¢ Charge dependent detector efficiencies...
m can bias tagging efficiencies
= can fake CP asymmetries

¢ CP asymmetries in background process

Experimental handles:

¢ Use of control samples:
= Calibrate b-Eproduction rate
= Determine tagging dilution from the data:
e.g. B;->Dgn for B.->D K, B->Kn for B->nwt, B->J/yK* for B->J/yK,, etc
¢ Reversible B field in alternate runs
# Charge dependent efficiencies cancel in most B/B asymmetries
¢ Study CP asymmetry of backgrounds in B mass “sidebands”

¢ Perform simultaneous fits for specific background signals:
e.g. B.->D_in B.->D_K, B.->Kn & B->KK, ...

21



Conclusions

¢ LHC offers great potential for B physics from “day 1"
LHC luminosity

¢ LHCD experiment has been reoptimized:
= Less material in tracking volume
= Improved Level1 trigger

+ Realistic trigger simulation and full pattern recognition in
place

¢ Promising potential for studying new physics
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